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A. ■jfiad-T'feTj.nn.^i 6ll»Tady bag "b^eij-; made- .f o detjfermine the; 
..possifailLity. of developing spoilefcs 3-uita'ble'f or>".ptoviding • 
tiie ..lat.eral ■ cQnti;ol ■ f or/>aiEplaties • ^ -asilal •• 

ailer Qng . . The .,f Jrs t.L- 15 est/.^.-. ■w'ere' made-ion 'a model wirig '-With" ' 
a fixed .tip ; glot fc..>T>1> • Fheii : it--.was..fo.ufid.t]iat ithd' *ff6ctive- 
nesa of .the ■spojilej55..:didr not. depend, to -lany "great? exteiit on 
the. .19,1 at ,■■ t es ts .•;'5?^ive msd$ -oui a pla in -wing;- also.;' ■ In. "both 
cases certain 8pqi3t,er..:50'S it icins- were found •■■which were -fr^e 
from the us-aal adverse rolling moments with small deflec- 
tions.^ Five ..dtf f e:rent...:f orrast: 0:f rSpailer - wBre ..tested;- 'the 
best, ojj.ps ..he ing ■•simple pirates ,;.-:ei;ther .straight or slfghtl-jr > 
ciiry'ed .to iit ..the .eontoijr . of ;t-he rairf dil when not deflected. 
Sufficient rolling ^^om.eijt -tfan -pr ohahly -he obtained -fpoia i' 
spt^iiera ■ of ,r eason^hl-e siisie „t.o .provide .sat i=s factory lateral 
90,n.tr.ol. f or •certain; .tyjjee^'Qfi-.alrplaaes . =" • ' ■•■ 

! i-i: r^' -^ := ..: '■ . v. >ji' 

f :•■ •••-.,■••• 1 .>:.■•:•- iJf.5;BQBUCaf:lON , ; - -■ ■ ; ■• ' 

■ i. .- .■ :y ' t : ' - ■■ - - — 

: JImprj.ovVd .l«;t_e;ra;l con;t-rol jat -high angles of. aftack has ■■ 
"been o"_tained hy the combined use of Handley Page automatic 
■ping-tip s-lots, interceptors, and ailerons. The tip slots 
and interceptors operate, however, only at the high angles 
of atteck, irhere the i-o.t'er.p.'ept o'f. . d'e's.troys .' the slot effect 
on the side of the doyrngoing wing. 

■I.t ap.peare.^;; l-ikely. t-hat ;S.po ti:er.s- jcoTild. -be Used on a 
wing. in. cannect.ipn-iwi'th recently Ae.TeToped. SFl'xed- tip" slots' 
(r«f.erence l} .'to g;.iy e . the-, ^-des.iired. lateral' cont rol' without ■ 
the .use pf al.ie.r-oj:iB,..hy sp..o.iling not ■ o'nly the slot effect ■ ' 
but . also, a . cop.B i,e.erajbl:e' port.iOn': of .• the lift' at.' -the low" an-- 
gles of . .a.tt:§ick wiiere;: :th-er B- Jo.tr eff e.ct i-s ■ small-. 
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i.8 previously tested on. pl,ai.,n wings , tlie spoiler con- 
sisted of a small flap "project ing* from tiie iipper surface 
at or near the leading edge. With- the spoiler erect, the 
flow over the- aipp^r v^ii'r.-f-ace ."br.e^ks down go that the lift is 
decreased and the drag "is increased on " that 's'lde , ther/eby 
giving "fi;- .:r oiling rao-ment. togethex:,with a favorahle yawing 
momeat. Some of the early tefete showed "that" the '*in'g pro- 
file af f ectad.^the • sgodler chayact er is.t ics only slightly and 
that a greater effect was bhtainect *ith- the Spolle.lr on the 
upper surface a small distance hack from; rather than ex- 
actly at, the leading edge of _ the.. wing . (Seference 2.) At 
high . angle? of attack and laJrg'e "bp'oiler deflections it was 
possible to obtain rolling moments as great as those of 
average p,r d ina.f .y a.ile.r;0;i.s by the use. of the correct spoiler 
properly io cat-fid.^ ' HoweVer.i .' i^t Vas 'f ound In .?r"ef erehceife 3. ' 
and .4 that at low anglep,. 'of ' attack' and' -smml ■•spoil'ef d'&fleo- 
t ion's- the' lift was incr/ea.sed/ thereby giving, a r.ali ing mo-- 
me-nt in the wrong .di,re.p.;t.lbn but" changing to." one! in. the- 
right direction with further spoiler defle-ction. Because . 
of this unfavorable :r.plling moment at the low. deflect io»Sj^. . 
the spoiler. was rejected as a" c.omplete laeans for abtCLintng 
lateral control without the use of ailerons." 

The present investigation ■jras made to ' determine .the 
possibility of developing a spoiler giving rolling moments 
in the desired direction at all deflections and angles of 
attack, and also giving .reasonably large rolling moments at 
the low as well as the high. angles of attack, A systematic 
series of tests has' been maie which is thought to cover the 
main factors affecting the spoiler characteristics within 
the probable range of practical appl.icat ion . The fir_st 
tests were made on a wing m'odel having the Clark Y over-all 
profile with a low-drag fixed tip slot. After it had been 
.■f"OUnd .that the best., spo.ilejr location was well back of the 
slot , ■ aiLdlt ional' t est B were ma3.e. with spoilers on a plain 
w-ing. 

' ' . ' 

APPARATUS AND METHODS 



The tests were made in the vertical wind tunnel.-of 
the National Advisory .Committee for Aeronautics, which has 
a 5-foot diameter open jet, (Reference 5,) They were made 
^t the same Reynolds Number as that of a series of controll- 
ability and _ st-gibility . tests being made in the 7 by 10 foot 
tunnel, which will include further tests with the best 
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spoiler developed. Both tunnels yhaye the same normal alx 
speed. and .so the /chords -of -the .■veing. models were made the 
same^rlO inches. ^ ' ■ ■• .. . • ^ • v .v;- . " 

St odeLs, . -r. Because .of. -the .:.small ^diameter :Qf;the air 
stream in the vertical tunnel, a full-span wing of 10-inch 
chord and .as.pect r.at io. 6 ■ could not Tje t-estord, and conse- 
quently.- a ,half-!^.spAn. mo4®l and, "r-ef lection plane."' were used. 
The wing, .model,', havipg a -Clark X-. over-all profile, had "been 
made for previous tests and -was arrang.ed so as to o'btain 
the effect of .cutting a- fuilr-span slot through the normal 
plain wing. The main portion of the wing was made of lami- 
nated mahoga-ny. .An auxiliary air.foil forming the nose was 
made of aluminum alloy. The auxiliary airfoil was sup- 
p.orted on. the- ma.ia. wing at each end '.hy a t.hi-n metal .'Plate. 
In addition, a sma-ll support .fastened to thei wao.deir' and ' . 
metal parts at midspan; prevented any- apprec iahle. deflection 
of ..the no'se airfoil under the applied air loads.' The ^'r^- 
dtnat.es of the wooden section were held, accurate to .withih 
+0.01 inch and those of the metal portion to within ±0.003 ■ 
inch of the' specified ordinates-. , ■ 

The "best low-drag fixed slot arrangement obtained in a 
previous investigation (reference 1) was used in these 
tests. Although the- wing was originally f»r.6"'(rided with a 
full-span slot, for the present tes.ts the slot was filled 
with Plasticine and the- Clark Y section- Biaintained except 
for the portion within 40 per cent of the semispan from the 
tip. The different spoilers were made of steel l/32-inch 
thick, also 40. per cent of the semispan in length,, and were 
fastened firmly to the upper surface of the wing, 

balances . rr The drag forces were transmitted from" th«. 
wing model to a platform- "balance atove the tunnel "by- two 
fine wires which passed through tuhes.- The lift forces 
were transmitt ed ' ty a system-of hell cranks and rigid rods" 
to two platform "balances mounted on the tunnel test floor-.- 
A detailed description of the arrangement may be found in 
reference 6, . ■ • . " . . : 

The lift of the wing, was given -."by the sum of the two 
lift-"b.ala.nce readings. Rolling- momeiits were o"btained by' 
taking the differences bet'ween -the products .of each "balance 
reading and the appropriate moment arms. The rolling mo- 
ment^ .due to -the spoiler .were computed by s.ubtra'ct tng the 
rtflling moments due to the wing alone from those due to the 
wing with spoiler, at corresponding angles of attack. 
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■ ''iEest's .'"7 '^!?ae tfe's t s' '^il^ere "i^^ witli • 

onl;^"?he" FfyedC ''tip " slot / ' 'THeii' the wing "'With ■ the 'slot was ■' . 
tested with the dif-ferent spoilers to ohtaiil the effect ' of 
each.,sp.oile.r. Filially the .slot wag filled entirely with 
Plast'iain^ ..(f Orming'.a Y -wine)" .and this wing was 

tested aldne^'and/syith the ."best 'form 'of spoiler developed. ■ 

■ ■, ■. 1 ■ . . " • . , . • -.-.:'>.,>• ■ . • . . 0 " ^ 

[ , "The an^l e-;ofy at tack rang©. .extended frdni about -4 .to 

+'46°.* ^ .The tests ■wer6fma^6 at 'a d;-namic! uressure of _ 16 . 257 ; _ 

pounds; .per ..sq.u§ire ;f Qot", '.corresponding speed. oJE" 

80 'mileB per hour a"t . g t^hdarcL atmospheric cbnditioiig. Th^ . . 

Reviioids Number, , "bas ed .on ^ the alcove. test c.oridit ic5ns and 

win"! chord ' of . 10 ; inches ; '.'wgis ' 609 , 000^.; whi^.h .1 s '^a>q.Tat .. one-r ■ ' 

thii;.cL .:of' tliat ' f or ',an p^idinarjr; sm&ll "Airplane while landing'.' 

^-^->vy\ -- j^ ggTT T-ft ay . - ; The 1 if t ' "bal'ances" wfere sensit ive to within . ^ 

io iOS pound, and the ,dr^g balance wgis *feensi1;ive to "within. . . = 

+0 i"Q3 ..pi'tind; . The angleT-.of-attab^,8'6tt"ing . , 

±0.1°, and the dynamic 'pressure w|$ 'maintained' constant to . 
within ±0.5 per ceftt. A . comparison of ti^e Results of check 
tests showed the maximum vafiatioh between' values of the 
rolling moments to be abouij ±4 per. cent; the variation be- 
tween the .iift and drag valued amouiited ' to "about '±1 per cent. 

- s 

V ■ ' PEVSt-OPMESfir pP 'sUITABiLB SPOILER • '"■ ; . ' ' 

. ' . ■ 'Oiark Y "Wing with fixed "'J Ip Slot - " - ^ 

Two main types of spoilers were investigated. The 
first was a flat rectangular plate arranged to be protruded ,. „ 

or retracted through a slot' in the upper surface of the win© 
(See fig. 1.). The second type was a curved rectangular 
plate hinged a"bout an'axis on the wing upper surface. It 
wa flush'with the surface when in the zerp, or closed, 
pdsitiOn. (See f ig. 4.) ' All spoilers "were tested at a se- 
ries of different positions back of the tip slot. 

Flgt gpo iler - effect of height . - The first series of 
tests was. made with spoiler heights Of 1, 2, 3, 5, 7, and 9 
per cent of the wing chord. The spjDiler was located just 
behind the slot at the 14 per cent chord station, and was . 
set at '90° to the upper', surface. (Pig. 'l.) 

At low angles of attack and small .heights this type 
of spoile? gives a roiling moment in the wrong directixjn. 
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(Fig.., ..I.).- .'Ilie. rollijag.,in:Om,ep.t s- a,t. iiigher .angj,.es. .of. .att5,.ck 
f irst- dn-cr ease, and then depr.ea.se" a.gS.iO' .ia.l^'^os.t t.p' .zero with 
increasing sppiler. height until. tji.e "sl^pt ha!s -.heeji. clo.sed 
off... ; A fur.ther sXight increaae .in,,i)iQ,,s:^'t)X^6-T. height then, 
caiaVes- a .sudden iarge ^ increase^iV 'jr/.Orlldi^ after _ 

whiph ,a gradua.i .i.ncrease 'contlnu..e.s^..tlirAugho^^^ tjie range 
te.s,t.ed... , .... '. ., T- i o-r ■ • . ■ • 

, _ The , operati on. of ..this typ.e. .of ..spjoller. .ia unsatisf.ap- 
tory at, this. lo,!cati.dn b.&cause of the^ un^avqraMe' rollX^ 
mqpients. at Ipw. angles ,6f .atta-ck and low 'height^ Of pr.o^.ec-. 
tipuj. and .hectA^ise ..ci;f Vh.a erratic affects pxpAuce-d-'at^ the 
hig.he.r. .angl'e.B j<D;e, 'ftt'taclE [a,s .the. sipoiler heighit justi..Glpse's 
the slpy.gaii,» . . . . . : . : . ■■ ■ 

Flat, s-p.oile'r - effect pf locatio n., .r The.; next, s't'ep ' . 
witli the. flett apdiler .prpjecting through .the. upper su'r'face.. 
of the, wiag was an attempt to overccme. "the ahjectionahle 
feature of the adverse- rolling moments for small spoiler 
heights and low angles of attack. Heights of 1, 2, and 3 
per. cent. o.f th©' s?ing chord scere. tested- at looatiPns 14-,- 17, 
20', 23, and. .'.2.6 per cent ' chor.d from the . 1 eading edge, with... 
the. spp.iler in. each case a.t'.. 90°. to th«.. wing- chord line. 

The resuits- of this series' of test.s are shown in Tig- ■. 
ure 2, As. the, spoiler .p.pcatibn. is moved 'hack the .adverse . 
rolling inpraen^ s..gr.^"djially: h'ecome' .less- a^d they-, disappeat 
entirely at .the"^ 26 ^ .per-' cent'.' chord' 'stat'i on,.' , In. addit ipn, 
the erratic increase Tof rolling jao.ni©.nt with .s.poller he.ight 
which occurred^ with ,jbhe spoiler close. Iiehind" the "slolb , ' .was 
not present, wi'th. the other" rear spoiler, pps-itipne-,. it '.the ^ 
stalling, angle the,, rolling 'inoments obtained with a. .ppoiler 
height of . only 3 pe-r cent of. the. chord were, o^ the order cf 
those . obtained with average ailerons, but at the low angles 
of attack corresponding to high-speed flight_ the rolling 
moments with the spoiler were much less. Inasmuch as the 
rolling moments at the., high angles of. ^ittack had dropped 
off somewhat as .the spoiler was moved, back to the 26 per 
cent statioja, no attempt was. made- to" place ,. it any. farther 
back.. , . " . _ . '■ ...... 

Plain curved spoiler ~ effec t of location . - It. seemed 
likely, frpm the standpo.int of simplicity and. ease of in- 
staliatiPh, that a -spPiler rptatable abput its fprward edge 
and curved to fit flush with the surface of the wing in the 
closed position, would be the most satisfactory type, to use 
The next tests were therefore made with spoilers of this 
type, rotatable about axes in the xrlng upper surface. 
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■ •• The ■ f Ir st-- c-u.T.-ved- .sp'QiLier investigat:e.d\ • shap.isd 'tc f.it. '. 
tlae' w-ing: upp-er -sTiTface, was a plain plate having- a: iwidtb 
of 7-'. -p'eT .cent- of- the; wing- chord .and th-e same 'span as.' the 
slat;* • Thi.'s- ep.oi-Ler.. -was fir'st- te.st-ed:- with" small def lectix5n&' 
of 7.-5P and. 15.°.'.-.a;t -lO'cat-ions 1-4, 17, 20,: BB, 86,' and 29 per 
cent of . .t-he- choirrd on -t-hfe: upper- surface, i-n. order to inves- • 
tigate possible locations giving no adverse rolling mjoments; 

.-• .As:> jLns.the ro^ee.- the" flat spoiler with small heights, 
the :c.uirve.d spo.l.lsr-.gav:e adverse rolliiig- mpment.s at small 
de-f.-le;p:tioi][s . and; low; an-gles.- of attack for locat.ions close to 
the .slotr..- -L-lt-ewi s e , • as the spoiler location was moved haclc, 
the-. adv&rsjB. rolling- moments; gradually decreased and disap- 
peared at the same location, 26 per cent of the, chord,. 
(Fig. 3.) The spoiler was also tested at the 29 per cent 
station-,-- and gave: larger favorable rolling moments at the 
low angles- of ! at tai3k but smaller rolling inbments at the 
high angles ■ -of . attack than when located at the 26 per cent 
station; • 

Plain c-grved sp oi le r - effect of defl'ection . - The ef*> 
feet- of full spoiler deflection -was next- investigated at . 
two locations. The" plain curved spoiler was tested at the ■ 
14 and at the 26. per cent chord locations for deflections 
of 7.5°, 15°, 22.5°, 309, 37.50, 45°, 60°, 75^. and 909 to 
the upper, surface. The results" of the tests at the 14. per 
cent' Stat i-oh (f.ig.. 4-A) for the low angles of attack show 
the unfavorabl.ev rolling moments-. at small deflections, (up . 
to-20,°) with .yery small favora.ble rolling momBnts- at the 
larter. deflections .Tip- to. the litolts tested. At the large 
angles pf attack -the rolling moments increase 'rapidly for' 
spoiler def 1 ec t-iohs up ■ t o ,30°, but there is no appreciable 
increase in ro"lling momeat- between 30° and 90° so that full 
spoiler effect is obtained with relatively small deflection 
at this location.'. 

. There are no appreciable adverse rolling moments at 
the 26 per cent location, and although the rolling moments 
in general increase at a fairly rapid rate up to 20° de- 
flection, the increase with deflections from 20° to 90°, la 
still considerable. (See fig. 4-B.) The maximum rolling 
mome'nts obtained- at the 26 per cent location are also some- 
what greater than those at the 14./ per cent location, par- 
ticularly for the l.ow angles of attack. The coefficients 
of rolling moment . are plotted against angle of attack in 
figure 5. 
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"Cur'Ve'a: ^ 'S'l3 oiler -■■rith. h - l a xis, ahead, of f prT^a rd 6dge._ • 
JrSiin" th^ 'f otegoine r:6s.ulti.& Ijb-^is- obvious' thXlc better con- 
trol migbV "b'e' obtain eji with the Bpo.ller. if . the' "flow, oyer ^ 
'the- vi'itg 'up-p-BT' surface coul-dj-be .destroy.ed .f-arther' at th'e. " _ • 
low angles of attack and small sp.oiier. d«fle<jt.iDiis. A f€7r ' 
different types of spoilers were therefore tested a-t the ' 
best location - 26 per cent of the chord. The first of 
these, the plain curved -gp-Qilep- ■7. per cent of the chord 
in width, was cut out along the bottom 33- per cent of its 
width, so that the new spoiler no longer rotated about the 
f o^waf'd ••edg'S'"^b''Uit abrG-ut ah .axis placated .in f.ro.nt of, it., 
(Fig". "S."-) A gap was -.then >f Qrm:ed - between . the ' bott 6m of ' the 
■spoiler an-d'th© wtng upper r.surf ace as .soon as'.'the spbiier ' ' 
was 'def^tedtSji 'f rom -its clOBed. pqsitian, the piirpbse;^ of ;the 
gap Ti^i'n^'-td ■ spoil the ■lift- immediately . ari.d produce a larg- 
• er favorat^ie /rolling '-moment . • The-resulifes of the^6 tests ' 
"for Small • spoiler ■ deflections (7.5° and 15°) and low angles 
of -attack gave" favorable.-iiQlling. moments ," but s^ialler in 
magnitude than those- of tlxe-plgLin. curved spoiler. _ 

As'"4he gap." wa-a thought .to . be too.- large,, .another curved 
sp'oiier *as'' t ested having a., smal.ler- gat) . betwefen the bottom^ 
oif • th*"s^oil&r and .the wing..'; (i.ig. 7. ) This, spoiler had'.'^ 
thfe' "s'am'e" over-all .width from the. axis," 7 per. cent of the' _"'_ 
clTo'td, but was. but .ou-t only for the bottom 10 per cent of". ' 
its' width.- ■ The: .TJo.ttopi ;0.f the- spoil e.r was' beveled to a _ 
"sii-ar'p edge, becausfe- of the stna=ll gap formed b.etyreen wing and 
"sj>bile-x wli-en d'ef.leot ed..,- The^ r-esults . of the. t.ests with thi.s 
spoiler; "showed favor&ble 'rolling moments .of .SLpproximately 
the siame, .ta^gni.fude .at. the small deflect ions" and." low ^n^les 
of attack, a's" the momenta ' o.btained with. the. fo.regoing B.poi"l 
er. 

• ■" vThe^se ' two. 'ser-ies of t esta Indicat ed .that' hinging the 
■s-p'o'iler about an -.ax is in front, of. its f Q.rward ■ edge was not 
the • -propfiir 'course to follow in order to obt'ain improved 
operation;.: ■■■■■■ ... - . 

: GoAb-typei spoiler * ~ The next step was. a change in tlie 
top 'ctf the sf>oil6r-.to obtain an ■ increased . effect at low an- 
gles of attack and small ■ spoiler deflections." 'A. plain 
curved spoiler, 7 per cent of the chord in width, was pro- 
vided with'Slots pfLrallel to i.ts chord, 0^025. inch wide and 
spaced the.:- same distan-ce ■ apart along the .whole length of 
the spoiler. ; (Pig,- 8>.) .The el-ots extended through the oiit- 
er ■ one-third ■ o-f th.fe .- sppiler. width-. I.t.. s eemed possible that 
this design would. gi.v.e - increas ed spoiling pffect . with large 
rolling moments for the small deflections. However , "the re 
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suits .of.tiie. test 911 tl3;is..new spoilei: . sliowed- .adverse roll- 
ing momenta, at' the gmail def leqtio'ns and low angles of at- 
taclc, wbi eh-, made i,t ^■q.nsuita'bl e "f or .use. .No.ijie of the spe- 
cial -type.s .>f .sjp.oiller. was. as aat is.f actory '.Q^^ the plain type, 
the test developed ! thus far., - 

J'l^ii^' C.i'ark I .Wing 

As. the plain ctirve<3, spoiler had shown favorable char-r 
act-eri'stlcs in connection with the wing ha'vlng a fixed tip 
slot , .but seemed to have, no direct connection with the "slot, 
a s'sries of tests was als.o made to determine "it s suitability 
for use with a plain wing. The t.ip slot was filled with 
Plast icine and the wing model- then became the .'plain Clark Y. 
The s'pojler wa.s tested. with small deflections .at several lo- 
cations on .the upper s,urfa.ce of the wing, and for the fnill 
range of deflections at the .best location. 

. . P. l^lttf curved gpo i le r. - effect of location . - The loca- 
tions, teate.d'wefe 26, 23, 20, and 17 per cent of the wing 
chord from the leading edge. The roll lAg momenta obtained 
at the 26 per.,cent' location were very small compared with 
those .for the slotted wing,, and a considerable adverse mo- 
ment was found &t )^0° angle of attack. (.See fig. 9 . ) " As 
the spoiler, location was moved forTrard, the favora"ble roll- 
ing moments increasLed up to the 20 per cent location, after 
which they, decreased .again. The 20 per .cent location was 
therefo.re. taken as t.he best for the plain wing, and, the 
spoiler was tested there, with deflections up .to 90°. 

Pla. in c urved spoiler - effect of deflection . - The. 
rolling momenta, produced by tl},.e . spoiler on the. plain wing 
(f"igs. 10 and" ll), were similar to. those of the slotted wing, 
but hot quite so. great.. . Even with the best location there 
is a very slight adverse rolling moment at an angle of at- 
tack of-- 20°, but it is 80 small "that- it would probably not 
be noticeable in. flight. In. addition, the change in roll- 
ing moment with - increa.sed spoiler deflection- is not q.uite 
so gradual as with the slotted .wing. 

The plain wing with a spoiler "of the size tested would 
probably have a fair amount of lateral control up to and 
somewhat beyond the stall for a transport- type airplane, 
but ,it would not have .suf f icient . contrql !for a h'ighly manett- 
verable acrobatic airplane'. The yawing, moments with the 
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spoiler ■-aa-jin^'ica-te'i-t.y';^.??© ft^asur-em&at s > ..Trl^iqli are/aqt- - 
inelucLedi, .in>;t.h§ ..report ,: ar^e jf^vo-ira'bie ^ .however:,; and since - ._• 
the ^htnge .■momeiit& ■yjo^i-^ P^I-o'ba'feLy -Tae fextremely low it w^as ■ i- : 
deoided t o t ss t vs.poller.s of: larger .-s-ize -as -Jaetins of. :pos:- ; .-• 
si'ble interest. ' . . ; .: 

- ;. ; .;. ;?-l^iii. oTi rved gTaoil-eg.- 10 Taar -,cen-t ..Gf win g ^G- Iior. d.. - The 
width +of. ; the ■.spoiler . wa% p-er ■qqnt .of the •. 

wi^i.S; •chord, -the .•Length, remalnins -40 .-per c-ent .^of ;the .semi-;- •• 
span-.. .."Tests ..w.epe, iniade at .two .:s.poii.er deflections , . 5*^ and • ■. 
60° t ..J?.he^ .eingl.e 5*; ;;def l.ect ian ..was con« i.dere.d ■. sTif-f icieEft 
to s.h.ow the .adverse r^Qll.i-n^ at • > 

the .Low angles, af.,ja.t,t!acJct rand t-he &0.°. . def.lec.t.ion...was . as- ^ 
s.tLin^d ,as ■& typical ^maiimum -value •in^smvioh as ■.the; -previous . • 
te.st.s ;^show.eii very ,:i'it:-tle rlrw^ rolling, .moment with : ; 

higher "angles. Figure 12 ^shovirs :t.ha..t all ■thr-e^e.-lqcatioaa 
tested gave adverse rolling moments at an angle of attack 
of 0°. None, however, had adverse values sufficiently 
large to be of any importance, ^^xcept- ;at angles of attack 
ahove 22°, and therefore ahove the range which can "be main- 
tained in gliding flight with ordinary conventional air- 
plan.es. ., .The :.r:9l.llng .n^ni.en.t'B . obtained w.ith a ief l.etst i.o.n of 
60° a;re given -in ■J'.igure ■is,.; ,.A,t :a:n angle- of : attaok 'of 0°. ■ 
the -spoil. er. ii,av-ing a ,-.10- per- cent width,, ga-v.e ■ roll i.ng. .moments 
aboiat 50 pe,j:> qent^^greatec. than- the spoiler having .a 7 per 
cent width, but at the stall and above the increase was on- 
ly 1-2-. per- cent. .. ■ . .-. r..- -jc " . ■ .. ' 

.. . ■. .Computaft.ion'B- .lndipat.ed th^t-.ta.. spq-iljer- having a width- 
of 10 per cent of the wing chord and a length 6,0 per cent 
of the semispan should give sufficient rolling moment for 
r easanabl.y. sat.isf ac-t ory .lateral- cont-r.-ol. .f or an. aveipag.e. air- 
plane, and a. f inal . series of. .tests wa.e: made oh- a sp.oiler of 
that size ^ith the 20 per cent hinge-axis location and a 
complete' series of deflections up to -90°.. The results of 
these .tests, are g.iven in jFigur-.e.; 14. As wa.'s fpund with the 
smaller spoile.rs, relatively little improvement was obtained 
by increasing the deflection above 60°. 

The rolling-moment ■ .coefficient s- obtained- with the 60° 
deflections are' Gpiiipar.ed. with thxjs.e obtaixi.^d with an aver- 
age pair of conventional .aileron^.-'in, Pig'ure 15. The aver- 
age ailerons that were tested under reference 8 have a 
chord 25 per cent of the wing chord and a span 40 per cent 
of the wing semispan, one having an upward deflection of 25° 
and the other a downward deflection of 25°. At the low an- 
gles of attack where both forms of control give more than 
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suf-f icient rolling moment, the ailerons give a greater 
amount than the spoilers, hut at angles of attack between 
10 °- ani•■■2 5'?^■^v:■h©^a th-e-.'aller'On^B give insufficient control 
the sp.otl&r .gives:.-. suhff tan tially highe'r v'alue-s of rolling 
moment.-: •::.!'-• ■ " ~ ■ ' ' ' 

If, as seems likely, the hinge moments -o'f these spoil-' 

ers are relatively low and the yawing moments are in the 
fa^voratj.©; direction: .only r . sp.oil.ers mlight possihly pro- 
vide- a medlumr strength, lat eral' control superior in every 
wa.y; to that o-'btained- with pre'seht conventional flap-type 
ai.ler ons .. .-. yoir, -.thrTa reason it Is planned, to' make further 
tes* B . t>n' 'the.; yawing' moments and hinge moments. Tor mone 
poweiFf'Ul contto.ls a-tj' . -the: higher angleis of attack it is also 
planned:, t-.o in!r.e:st igat e the comhlned action of ailerons and 
spoilers v of--.relativ.Bly -small size, 

. • . : ■ '•■ ■ : - .; •*.. • - 

' 't' "*''■'. . '' 1 »" 

• ■ ■ ■ CONOLUSIONS 



1. No appreciable adverse rolling moments 'were ob- 
tained -with any of ■ the-spoilers " tested- when they were lo- 
cated -.the proper distance ■ babk from- the' leading edge; Thi,s 
distance varied f or- the-.-diff erent arrangements ■ tested. 

.. . ■ • • ' • 

2. The 'effects produced. by 'the spdilers tested did 
not d.epend on- the closing of the slot, for they gave approx- 
imately the same rolling moments on the plain wing as on the 
slotted wing. 

3. The -.simple solid plate-type ' spoilers, both curved 
and flat, pr-ove.d supierior to the other types tested. 

4. It. is likely that sufficient Tolling moment can be 
obtained from spoilers of reasonable size to provide satis- 
factory lateral control for 'certain types of airplanes. 

Langley Memorial Aerojiaut ical Laboratory, 

National Advisory Committee ft>r~ Aeronaut ics , 
Langley Pield, Va.',- April 1; 1932. 
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Fig.l 



1.8^ 6J{ j. 




^—6.1^ c 



Clark Y wing with low-dxag fixed tip slot 40 per cent of semi span. Plain, 
flat spoiler. 
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Fig.l Effect of spoiler height on rolling-moment coefficient for 
location at hack of slot. 



Olaxk T wing with, low-drag fixed tip slot 40 per cent of BemiBpaiL, Curved plain 
apoller at angles to upper surface of wing. 7 ^ c wide end 4C^ "b/s long. 
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Fig. 3 Effect of Bpoller location on rolling-moment coefficient for snail angular 
deflections. 
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Clark Y wing with low-drag fixed tip slot 40 per cent semispan. Plain 
CTirved spoiler Tjt c wide and 40 per cent "b/s long. 



o 

<o 

■H 

C 
•rf 
Vi 
«H 

o 
o 
o 

-p 



A, Spoiler located at "back of slot, 14^ c 
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Fig. 4 Effect of spoiler deflection on rolling-moment coefficient 
for two locations back of slot. 
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Clark T wing with-low drag fixed tip slot 40 per cent semi- 
span long. 
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jPig.B Rolling-moment coefficient versus angle of attack. Curved 
spoiler at 26 per cent location on slotted wing. 
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Clark Y wing with, low-drag fixed tip slot 40 per cent of semlepan. 
Curved spoiler with gap 33 per cent of spoiler height. 



^'-I'ront view of spoiler 




Spoiler angle to wing upper surface, 6 _ (26^ c "back:) 
Jig. 6 Spoiler with gap 33 percent of spoiler height on slotted wing. 




Clarlc Y wing with low-drsg fixed tip slot 40 percent of seanispan. 
Curved spoiler with gap 10 per cent of spoiler lieight. 
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Eig.? Spoiler with gap 10 per cent of stpoiler height on slotted wing. 
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Clark Y wing with low-drag fixed tip slot 40 per cent of semlspaji. 
Curved coml>-t7pe spoiler. 



.0.025" slots and teeth 




Front view of spoiler 
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Pig. 8 Comb- type spoiler on slotted wing. 



N.A.C.A. Technical Note liro,415 



Jig. 9 




Plain Clark Y vring. Curved plain spoiler % c wide and 40 per 
cent 'b/3 long aii angles to upper surface. 
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Pig. 9 Effect of spoiler location on rolling-moaent coefficient for 
snail deflections. Plain wing. 
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Fig. 10 
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Spoiler angle to wing Tipper surface, 6g(2C^ c "back) 



ffig.lO Effect of spoiler deflection on rolling-moment coefficient 

for 20 per cent location. 7 per cent c, spoiler on plain wing. 
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Plain Clark Y wing. CtLTveoL spoiler 7 per cent chord wide and 40 
per cent semi span long. 



Spoiler deflection, 63 Spoiler deflection, 65 




Angle of attack, a 



Fig. 11 Rolling-moment coefficient versas angle of attack. 7 per cent 

c loy 40 per cent "b/s curved spoiler at 20 per cent location 
on plain wing. 
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Plain Claxk Y wing. Ciirved spoiler 10 per cent chord wide and 40 per 
cent sanispan long, 5° deflection only. 




Hg,12 Effect of spoiler location on rolling~moment coefficient for 
anall angular deflections. 10 per cent chord spoiler on plain 

wing. 
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« 




Plain Clark Y wing. Curved spoiler 10 per cent cihorcL wide and 40 per 
cent semi span long, 60° deflection only. 
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5ig.l3 Effect of spoiler location on rolling-moment coefficient for 
large angular deflections. 10 per cent chord spoiler on plain 

wing. 
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Angle of attack, a 



Ifig.l^ Rolling-moment coefficient versus angle of attack;. 10 per cent 

c "by 60 per cent b/s. Oorved spoiler at 20 per cent location 
on plain wing. 
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Plain Clark Y wiBg. Spoilers and ailerons deflected individually. 

O— ^ 10^ c "by 60^ Td/2 spoiler up 60° 

£3 25}^ c "by 4C^ 13/2 ailerons ±25° 
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Fig. 15 Conipstrison of spoiler with, average ailerons. Plain wing. 



